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Abbreviations and Acronyms

cols./100 mL, colonies per 100 milliliters

ft, foot

mi?, square mile

mg/L, milligram per liter

MCL, maximum contaminant level

MCC, Microelectronics and Computer Technology Corp.
USGS, U.S. Geological Survey

Per mil: A unit expressing the ratio of stable-isotopic abundances of an element in a sample to those of a standard material. Per mil units arc
equivalent to parts per thousand. Stable-isotopic ratios are computed as follows:

_ ( R(sample) )
2 (R(standard) ) 1000,

where

X is the heavier stable isotope, and
R is the ratio of the heavier, less abundant stable isotope to the lighter stable isotope in a sample or standard.

The 3 values for stable-isotopic ratios discussed in this report are referenced to the following standard materials:

Element B R Standard identity and reference
oxygen oxygen-18/oxygen-16 (8'%0) Vienna-Standard Mean Occan Water (Fritz and Fontes, 1980, p. 11)
nitrogen nitrogen- | 5/nitrogen-14 (8'°N) Standard atmospheric nitrogen, referenced to National Bureau of

Standards, NBS-14 nitrogen gas (Fritz and Fontes, 1980, p. 16)




Water Chemistry of Shoal Creek and
Waller Creek, Austin, Texas, and

Potential Sources of Nitrate

By Patricia B. Ging, Roger W. Lee, and Steven R. Silva

Abstract

Steep limestone slopes, thin soils, sparse
vegetation, and impervious cover within the Shoal
Creek and Waller Creek watersheds, Austin, Texas,
contribute to rapid runoff that can quickly carry
contaminants such as nitrate, into the creeks. Land
use within the watershed is predominantly residen-
tial (single-family and multifamily dwellings).
Impervious cover within both watersheds was
about 55 percent during 1994-95.

Water samples were collected for chemical
analysis at seven sites in the Shoal Creek and
Waller Creek watersheds from September 1994
to April 1995. Samples were collected during 4
stormflow events and 3 base-flow periods. Water
samples were analyzed for major ions and nutrients
as well as for nitrogen and oxygen isotopes in the
nitrate anion. Concentrations of dissolved constitu-
ents, including nitrate, are smaller in stormflow
samples than in base-flow samples. Calculated dis-
solved solids range from 16 to 187 milligrams per
liter for stormflow samples and from 213 to 499
milligrams per liter for base-flow samples.

Nitrogen and oxygen isotopes in dissolved
nitrate in conjunction with water chemistry were
used to indicate sources of nitrate in surface water.
A combination of atmospheric nitrate, and soil
nitrate and ammonium fertilizer is the most likely
source of nitrate in stormflow samples (assuming
that there is little or no use of synthetic nitrate fer-
tilizers in the watersheds). Nitrogen and oxygen
isotopic data in nitrate for stormflow samples are in
or near the isotopic composition ranges for atmo-
spheric nitrate, and soil nitrate and ammonium fer-
tilizer sources. Nitrogen and oxygen isotopic data
in nitrate for base-flow samples are in or near the

isotopic composition ranges for soil nitrate and
ammonium fertilizer, and sewage and animal waste
sources of nitrate. Sewage is the most likely source
of nitrate in base flow because of the potential for
older sewer lines to leak, the proximity of sewer
lines to creek beds, and an excess of chloride
relative to sodium at some sampling sites (an indi-
cator of the presence of sewage) under base-flow
conditions. Nitrate in the creeks at any given time
is a mixture that results predominantly from sur-
face sources (atmospheric nitrate, soil nitrate and
ammonium fertilizer) during stormflow and pre-
dominantly from subsurface sources (sewage) dur-
ing base flow.

INTRODUCTION

Urban development can have an appreciable
influence on water-quality conditions. Impervious
cover in developed areas can result in increased runoff,
conveying contaminants from point and nonpoint
sources to local streams (City of Austin, 1990b). Any
contaminant on land surface has the potential to quickly
enter Shoal Creek and Waller Creek during storms
owing to a large amount of impervious cover. Data pre-
viously collected by the U.S. Geological Survey
(USGS) and the City of Austin have indicated the pres-
ence of nitrate, as nitrogen, in Shoal Creek and Waller
Creek (Welborn and Veenhuis, 1987; City of Austin,
1990a); however, the data are inadequate to determine
the sources of nitrate in the watersheds. Shoal Creek
and Waller Creek drain into Town Lake, which is one of
the water supplies for Austin. Increased nitrate concen-
trations in Town Lake could affect the quality of Aus-
tin’s public water supply. Application of 8'°N and 5'30
isotopic data from dissolved nitrate can indicate sources
of nitrate in the Shoal Creek and Waller Creck water-
sheds and could contribute information useful for the
improvement of water quality in these creeks.
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Purpose and Scope

The purpose of this report is to characterize the
water chemistry in the Shoal Creek and Waller Creek
watersheds and to indicate potential sources of nitrate
in these watersheds. Twenty-five water samples were
collected during stormflow conditions, and 14 water
samples were collected during base-flow conditions at
sites on the creeks or adjacent storm sewers from Sep-
tember 1994 to April 1995. Concentrations of selected
constituents and isotopes of nitrogen and oxygen in the
nitrate ion are uscd to show the water chemistry and
potential sources of nitrate in the watersheds.

Description of the Study Area and Historical
Water-Chemistry Data

The Shoal Creek and Waller Creek watersheds in
the City of Austin (fig. 1) contain steep limestone
slopes, thin soils, sparse vegetation, and impervious
cover. The Shoal Creek watershed has a drainage arca
of approximately 13 miZ. There is a 320-ft decrease in
altitude from the uppermost (highest elevations) part of
the watershed to its outlet at Town Lake. The Shoal
Creek watershed contains primarily residential areas
with single-family dwellings (fig. 2). Soil type is pre-
dominantly “urban land” in the watershed (fig. 3) with
about 55-percent impervious cover during 1994-95.
The “urban land™ soils classification represents soils
altered and obscured by development that do not
resemble soils described in the various series (U.S.
Department of Agriculture, Soil Conservation Service,
1974).

The Waller Creek watershed has a drainage
area of approximately 5.6 mi®. As in the Shoal Creek
watershed, altitude in the Waller Creek watershed
decreases about 320 ft from the uppermost part of the
watershed to its outlet at Town Lake. The Waller Creek
watershed consists primarily of residential areas with
single-family and multifamily dwellings. Soil types
were predominantly urban land in the Waller Creek
watershed with about 55-percent impervious cover
during 1994-95.

Both the Shoal Creek and Waller Creek water-
sheds contain wastewater lines for transport of sewage,
but some septic tanks might exist in both watersheds
(George Chang, City of Austin, oral commun., 1995).
The exact location and condition of the septic tanks, if
any, were not be determined during this investigation.
One landfill located in the Waller Creek watershed con-

tains drums filled with chemicals (George Chang, City
of Austin, oral commun., 1995).

Historical water-chemistry data available for the
Shoal Creek and Waller Creek watersheds were exam-
ined to determine variability of nitrate concentrations
in the creeks. Although chemical data were collected
as early as 1942, no consistent dataset of long-term
water-quality monitoring was extant to determine tem-
poral trends in water chemistry in the watcrsheds. The
USGS collected water-chemistry data at six locations
along Shoal Creek from 1942 to 1946 and from Shoal
Creek at 12th Street (station 08156800) from January
1975 to present (1995). The USGS collected water-
chemistry data from Waller Creek at 38th Street (sta-
tion 08157000) from August 1954 to December 1962
and from Waller Creek at 23d Street (station 08157500)
from October 1970 to August 1971. Dissolved nitrate
concentrations (as nitrogen) generally ranged from 0
to 2 mg/L for both creeks (Raymond Slade, Jr., U.S.
Geological Survey, oral commun., 1995) and were
below the MCL of 10 mg/L for drinking water recom-
mended by the U.S. Environmental Protection Agency
(1996). City of Austin staff also have collccted water-
chemistry data at Shoal Creek at Woodhollow and at
various locations along Waller Creek from 1992 to
present. Dissolved nitrite plus nitrate concentrations
(as N) ranged from 0 to 2 mg/L and total nitrogen con-
centrations (as N) ranged from 0 to 7.5 mg/L, also
below the recommended drinking-water standard
(George Chang, City of Austin, oral commun., 1994).

Nitrogen and Oxygen Isotopes in the Nitrate
lon

The combined stable isotopic ratios '*N/!4N
(815N in per mil) and 1807160 (5'80 in per mil) in
the nitrate ion, NO5’, can be useful in surface- and
ground-water investigations to determine sources of
nitrate. Nitrate in surface and ground water can be
derived from one or more of the following sources:
(1) microbial decay of organic matter in soils, (2) ani-
mal waste and sewage, (3) synthetic fertilizers, and
(4) rainfall. The usefulness of 85N alone in identifying
these sources is limited by overlapping ranges of 819N
values and by changes in the 8'°N values of the
sources caused by microbial denitrification and other
processes. However, by combining 8'°N and 5'%0
analyses, identifiable separations for all sources of
nitrate except ammonium fertilizers and bacterially
produced soil nitrate are possible (Carol Kendall,
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